T , a Gram-reaction-positive, aerobic, rod-shaped, non-motile bacterium, was isolated from a sludge sample collected at the Daejeon sewage-disposal plant, in South Korea, and characterized in order to determine its taxonomic position. Phylogenetic analysis based on 16S rRNA gene sequences indicated that strain MJ31
, a Gram-reaction-positive, aerobic, rod-shaped, non-motile bacterium, was isolated from a sludge sample collected at the Daejeon sewage-disposal plant, in South Korea, and characterized in order to determine its taxonomic position. Phylogenetic analysis based on 16S rRNA gene sequences indicated that strain MJ31
T belonged to the genus Nocardioides, appearing most closely related to Nocardioides dubius KSL-104 T (98.6 % sequence similarity),
Nocardioides jensenii DSM 20641 T (97.6 %), Nocardioides daedukensis MDN22 T (97.2 %) and
Nocardioides mesophilus MSL-22 T (97.0 %). The chemotaxonomic properties of strain MJ31
T were consistent with those of the genus Nocardioides: MK-8(H 4 ) was the predominant menaquinone, iso-C 16 : 0 , iso-C 17 : 0 and C 18 : 1 v9c were the predominant cellular fatty acids, and the cell-wall peptidoglycan was based on LL-2,6-diaminopimelic acid. The genomic DNA G+C content of strain MJ31 T was 71.2 mol%. Some differential phenotypic properties and low DNA-DNA relatedness values (,28 %) with the type strains of closely related species indicated that strain MJ31 T represents a novel species, for which the name Nocardioides daejeonensis sp. nov.
is proposed. The type strain is MJ31 T (5KCTC 19772
The genus Nocardioides was first described by Prauser (1976) with a single species, Nocardioides albus. At the time of writing, the genus Nocardioides comprised 51 species, many of which were isolated from soils from different parts of the world (Prauser, 1976 (Prauser, , 1984 O'Donnell et al., 1982; Suzuki & Komagata, 1983) . In the course of investigating the micro-organisms in the sludge at a sewage-disposal plant in South Korea, a Gram-reaction-positive, nonmotile, aerobic bacterium, strain MJ31 T , was isolated. The taxonomic position of this bacterium has now been investigated using a polyphasic approach.
Strain MJ31
T was isolated from sludge at the Daejeon sewage-disposal plant in South Korea. For the isolation, 1 g fresh sludge was mixed with 50 ml saline [0.85 % (w/v) NaCl], vortexed and serially diluted. A 100 ml sample of each dilution was then spread onto 0.16 R2A agar (Difco) and incubated at 30 uC for 1 week. Single colonies of strain MJ31
T were transferred onto fresh plates and the purified colonies were tentatively identified by analysis of partial 16S rRNA gene sequences. The isolate was routinely cultured on nutrient agar (NA; Difco) at 30 u C and preserved, as a suspension in Luria-Bertani broth (LB broth; Difco) with 20 % (w/v) glycerol, at 270 u C.
Cell morphology and motility were observed under a light microscope (BH2; Olympus) and a transmission electron IP: 54.70.40.11
On: Mon, 14 Jan 2019 20:49:12 microscope (LEO912AB; Carl Zeiss), using cells grown for 24 h in nutrient broth at 30 u C. For electron microscopy, cells were gently resuspended in a drop of deionized water, placed on a carbon-and Formvar-coated nickel grid and allowed to settle for 30 s, before the grid was floated on a drop of 0.1 % (w/v) aqueous uranyl acetate, blotted dry and then viewed at 100 kV. The Gram reaction was performed using the non-staining (KOH) method, as described by Buck (1982) . Catalase activity was assessed by bubble production in 3 % (v/v) H 2 O 2 and oxidase activity was assessed using 1 % (w/v) tetramethyl p-phenylenediamine (Cappuccino & Sherman, 2002) . Anaerobic growth was examined in serum bottles, using nutrient broth with sodium thioglycolate (1 g l
21
) and replacing the air in the bottles with nitrogen.
Physiological characteristics were determined by using the API 20NE, API ID 32GN and API ZYM galleries (bioMérieux) according to the manufacturer's instructions. Growth at 4, 10, 20, 25, 28, 30, 35, 37, 40, 42 and 45 u C and pH 3.0-12.0 (at intervals of 0.5 pH unit) was assessed in LB broth for 5 days. The pH of the medium was adjusted using diluted NaOH or HCl. Salt tolerance was tested in R2A broth supplemented with 0-15 % (w/v) NaCl, with incubation for 5 days at 30 u C. Growth on trypticase soy agar (TSA; Difco), R2A agar and LB agar was also evaluated at 30 uC. Most of the phenotypic characteristics of strain MJ31
T are given in the species description; those that differentiated strain MJ31
T from closely related type strains are listed in Table 1 .
The genomic DNA of the novel strain was extracted and purified as described by Moore & Dowhan (1995) and then enzymatically degraded into nucleosides so that its G+C content could be determined as described by Mesbah et al. (1989) using reverse-phase HPLC. Isoprenoid quinones were extracted with chloroform/methanol (2 : 1, v/v), evaporated under vacuum and re-extracted in n-hexane/ water (1 : 1, v/v). The crude n-hexane/quinone solution was purified using Sep-Pak Vac silica cartridges (Waters) and subsequently analysed by HPLC as previously described (Hiraishi et al., 1996) . In order to perform fatty acid methyl ester analysis, strain MJ31
T and closely related type strains were grown on TSA for 48 h at 30 u C. Two loopfuls of bacterial mass of each strain were collected and subjected to saponification, methylation and extraction using the methods of Kuykendall et al. (1988) . The fatty acid methyl ester mixtures were separated using version 6.0 of the Sherlock Microbial Identification System (MIDI), analysed by GC (6890; Hewlett Packard) and identified with the Microbial Identification software package (Sasser, 1990) . To determine the polar lipid profile of strain MJ31
T , the strain's total cellular polar lipids were extracted and examined by two-dimensional TLC (Minnikin et al., 1977) .
Extraction of genomic DNA was performed with a commercial genomic DNA extraction kit (Solgent) before PCRmediated amplification of the 16S rRNA gene and sequencing of the purified PCR product were carried out according to Kim et al. (2005) . Full sequences of the 16S rRNA gene were compiled using SeqMan software (DNASTAR). The 16S rRNA gene sequences of related taxa were obtained from GenBank. Multiple alignments were performed using the CLUSTAL_X program (Thompson et al., 1997) . Gaps were edited in the BioEdit program (Hall, 1999) and evolutionary distances were calculated using the Kimura two-parameter model (Kimura, 1983) . Phylogenetic trees were then constructed using the neighbour-joining (Saitou & Nei, 1987) and maximum-parsimony (Fitch, 1971) algorithms in the MEGA3 program (Kumar et al., 2004) . To obtain confidence levels for the branches of these trees, bootstrap analyses were conducted, with 1000 replicates (Felsenstein, 1985) . A maximum-likelihood tree was also constructed, using the PHYLIP program (Choi et al., 2000; Brinkman et al., 2001 ).
DNA-DNA hybridization was performed fluorometrically, according to the method developed by Ezaki et al. (1989) , using photobiotin-labelled DNA probes and micro-dilution wells. The hybridizations were carried out reciprocally, with five replications per sample. The highest and lowest values obtained for each sample were excluded and the remaining three values were utilized in the calculation of each of the mean relatedness values that are reported below.
The 16S rRNA gene sequence of the strain MJ31 T determined in this study, which was a continuous stretch of 1468 bp, appeared most similar to the corresponding sequences of Nocardioides dubius KSL-104 T (98.6 % sequence similarity), Nocardioides jensenii DSM 20641 T (97.6 %), Nocardioides daedukensis MDN22 T (97.2 %) and Nocardioides mesophilus MSL-22 T (97.0 %). Sequence similarities between the novel strain and other members of the genus Nocardioides or members of the genus Marmoricola were all 97.0 % or lower. In the neighbour-joining phylogenetic tree (Fig. 1) T was again clustered with N. dubius KSL-104 T but this cluster was closer to most other members of the genus Nocardioides than to species of Marmoricola.
The results obtained from the chemotaxonomic analyses were in agreement with the results of phylogenetic inference, indicating that strain MJ31 T belongs to the genus Nocardioides. The major menaquinone detected for this strain was MK-8(H 4 ). The overall fatty acid composition of strain MJ31
T (Table S1 ) was very similar to those of other members of the genus Nocardioides, being dominated by large amounts of iso-branched and unsaturated fatty acids, particularly iso-C 16 : 0 (34.7 %), iso-C 17 : 0 (15.4 %) and C 18 : 1 v9c (11.6 %). However, there were some qualitative and quantitative differences in the fatty acid contents of the novel strain and the closely related type strains. For example, although all the closely related type strains of Nocardioides species included in Table S1 contained iso-C 14 : 0 , C 18 : 1 v7c and C 16 : 0 2-OH, none of these fatty acids was detected in Table S1 were, however, clearly distinguishable from the type strains of Marmoricola aurantiacus (the type species of the genus Marmoricola) and Marmoricola bigeumensis.
Total lipids were observed in TLC after staining with 5 % ethanolic molybdophosphoric acid and ninhydrin reagent or with Zinzadze reagent (Fig. S3) . Strain MJ31
T contained major amounts of diphosphatidylglycerol (DPG), moderate amounts of phosphatidylethanolamine (PE) and T is not related to any established species in the genus Nocardioides (Wayne et al., 1987) .
There is insufficient taxonomic evidence currently available to differentiate several Nocardioides species from the members of the genus Marmoricola (Yoon et al., 2005; Yamamura et al., 2011) . In the present study, however, strain MJ31
T and the type strains of closely related Nocardioides species could be differentiated from members of the genus Marmoricola by their fatty acid profiles (Table  S1 ) and by having rod/coccoid life cycles. It was possible to differentiate strain MJ31
T from the type strains of closely related species by using several phenotypic and chemotaxonomic characteristics. In addition, in the phylogenetic trees constructed using the maximum-parsimony and maximumlikelihood algorithms (Figs S1 and S2), strain MJ31
T formed a monophyletic clade with N. dubius and this clade formed part of a coherent phylogenetic cluster with most other members of the genus Nocardioides. Based on this evidence, both strain MJ31 T and N. dubius belong to the genus Nocardioides and not to the genus Marmoricola.
On the basis of the phylogenetic, genetic, phenotypic and chemotaxonomic data presented, strain MJ31
T represents a novel species in the genus Nocardioides, for which the name Nocardioides daejeonensis sp. nov. is proposed.
Description of Nocardioides daejeonensis sp. nov.
Nocardioides daejeonensis (da.e.je.on.en9sis. N.L. masc. adj. daejeonensis of or pertaining to Daejeon, the city in South Korea where the type strain was isolated).
Cells are Gram-reaction-positive, aerobic, non-motile and rod-shaped, measuring about 0.5-0.8 mm in width and 0.8-2.0 mm in length. Cells showed rod-to-coccus morphogenesis between the early exponential phase and stationary phase. Colonies grown on NA for 2 days are circular, raised, smooth, and pale yellow in colour. Growth occurs at 15-37 u C (optimum about 30 u C), at pH values of 5.5-9.0 (optimum between 7.5 and 8.0), and in the presence of 0-10 % (w/v) NaCl (optimum, 2 %). Oxidasenegative and catalase-positive. Positive (API 20NE) for nitrate and nitrite reduction and aesculin hydrolysis but negative for indole production, acid production from glucose and arginine dihydrolase, urease and gelatinase activities. In API 20NE and API 32GN tests, L-arabinose, caprate, citrate, 
